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(57) ABSTRACT

A charging apparatus includes a diode, a switch, a high-
voltage conversion circuit, and a controller which determines
whether a charge capacity of a low-voltage battery is above a
threshold and outputs a signal for supplying power of a gen-
erator to the low-voltage battery when the charge capacity is
equal to or below the threshold while outputs a signal for
charging the high-voltage battery when the charge capacity is
above the threshold value.
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CHARGING APPARATUS FOR
CONSTRUCTION MACHINE

TECHNICAL FIELD

This invention relates to a charging apparatus for charging
a battery of a construction machine, for example, a hybrid
construction machine.

BACKGROUND ART

A charging apparatus for a construction machine disclosed
in JP2009-235717A charges a low-voltage battery with
power required by solenoids for operation valves, etc., a con-
troller for controlling them, and the like. The low-voltage
battery is connected to a generator which is rotated by a drive
force of an engine and power generated by the generator is
charged into the low-voltage battery.

When the low-voltage battery is fully charged, the genera-
tor is idled with no load to stop a power generation function of
the generator. As the charged amount of the low-voltage bat-
tery decreases, the power generation function of the generator
is automatically started to recharge the low-voltage battery.

SUMMARY OF INVENTION

In the above conventional charging apparatus for the con-
struction machine, the generator is idled with no load when
the low-voltage battery is fully charged, wherefore energy
loss accordingly increases.

This invention aims to provide a charging apparatus for a
construction machine which suppresses energy loss to a mini-
mum level.

One aspect of the present invention is directed to a charging
apparatus for a construction machine including an engine for
rotating a pump, a generator to be rotated by a drive force of
the engine, a low-voltage battery for storing power from the
generator, and a high-voltage battery connected in parallel
with the low-voltage battery with respect to the generator and
adapted to store power from the generator.

The charging apparatus comprises a switching circuit
which switches the supply of the power from the generator to
either one of the low-voltage battery and the high-voltage
battery; a high-voltage conversion circuit provided between
the switching circuit and the high-voltage battery which con-
verts a low voltage into a high voltage; and a controller which
determines whether a charge capacity of the low-voltage bat-
tery is above a threshold and outputs a signal for supplying the
power of the generator to the low-voltage battery to the
switching circuit when the charge capacity is equal to or
below the threshold while outputs a signal for charging the
high-voltage battery to the switching circuit when the charge
capacity is above the threshold value.

According to this aspect, the high-voltage battery can be
charged with the power generated by the generator when the
low-voltage battery reaches a fully charged state. The genera-
tor is not idled in a no-load state and energy loss is suppressed
to a minimum level.

Since the controller monitors a charged state of the low-
voltage battery and automatically introduces the power gen-
erated by the generator to the low-voltage battery when the
charge capacity falls to or below the threshold, the low-volt-
age battery does not experience a power shortage.

Embodiments of the present invention and advantages
thereof are described in detail below with reference to the
accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a hydraulic circuit diagram of a first embodiment,
FIG. 2 is a circuit system diagram of the first embodiment,
FIG. 3 is a control flow chart of the first embodiment, and
FIG. 4 is a circuit system diagram of a second embodiment.

EMBODIMENTS OF INVENTION

A first embodiment shown in FIGS. 1 to 3 is a control
system for a power shovel. The control system includes vari-
able-capacity first and second main pumps MP1, MP2. A first
circuit system is connected to the first main pump MP1, and
a second circuit system is connected to the second main pump
MP2.

To the first circuit system are connected a control valve 1
for controlling a rotation motor RM, a control valve 2 for arm
first speed for controlling an arm cylinder, a control valve 3
for boom second speed for controlling a boom cylinder BC,
an auxiliary control valve 4 for controlling an auxiliary
attachment and a control valve 5 for a left travel motor for
controlling the left travel motor in this order from an upstream
side.

The respective control valves 1 to 5 are connected to the
first main pump MP1 via a neutral flow path 6 and a parallel
passage 7.

A pilot pressure generating mechanism 8 is provided
downstream of the control valve 5 for the left travel motor in
the neutral flow path 6. The pilot pressure generating mecha-
nism 8 generates a high pilot pressure if a flow rate there-
through is high while generating a low pilot pressure if the
flow rate is low.

The neutral flow path 6 introduces all or part of fluid
discharged from the first main pump MP1 to a tank T when all
the control valves 1 to 5 are at or near neutral positions. In this
case, a high pilot pressure is generated since the flow rate
through the pilot pressure generating mechanism 8 is also
high.

Ifthe control valves 1 to 5 are switched to full-stroke states,
the neutral flow path 6 is closed and fluid does not flow any
longer. Accordingly, in this case, the flow rate through the
pilot pressure generating mechanism 8 is almost zero and the
pilot pressure is kept at zero.

However, depending on the operated amounts of the con-
trol valves 1 to 5, part of pump-discharged oil is introduced to
an actuator and part thereof is introduced to the tank T from
the neutral flow path 6. Thus, the pilot pressure generating
mechanism 8 generates a pilot pressure corresponding to the
flow rate in the neutral flow path 6. In other words, the pilot
pressure generating mechanism 8 generates the pilot pressure
corresponding to the operated amounts of the control valves 1
to 5.

A pilot flow path 9 is connected to the pilot pressure gen-
erating mechanism 8. The pilot flow path 9 is connected to a
regulator 10 for controlling a tilting angle of the first main
pump MP1. The regulator 10 controls the discharge amount
of the first main pump MP1 in inverse proportion to a pilot
pressure. Accordingly, the discharge amount of the first main
pump MP1 is kept maximum when the control valves 1 to 5
are set to the full stroke states so that the flow in the neutral
flow path 6 becomes zero, in other words, when the pilot
pressure generated by the pilot pressure generating mecha-
nism 8 becomes zero.

A first pressure sensor 11 is connected to the pilot flow path
9. A pressure signal detected by the first pressure sensor 11 is
input to a first controller C1.
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To the second circuit system are connected a control valve
12 for controlling a right travel motor, a bucket control valve
13 for controlling a bucket cylinder, a control valve 14 for
boom first speed for controlling the boom cylinder BC, and a
control valve 15 for arm second speed for controlling the arm
cylinder in this order from an upstream side. A sensor 14a for
detecting an operating direction and an operated amount is
provided in the control valve 14 for boom first speed.

The respective control valves 12 to 15 are connected to the
second main pump MP2 via a neutral flow path 16. The bucket
control valve 13 and the control valve 14 for boom first speed
are connected to the second main pump MP2 via a parallel
passage 17.

A pilot pressure generating mechanism 18 is provided
downstream of the control valve 15 for arm second speed in
the neutral flow path 16. The pilot pressure generating mecha-
nism 18 functions in just the same manner as the pilot pres-
sure generating mechanism 8.

A pilot flow path 19 is connected to the pilot pressure
generating mechanism 18. The pilot flow path 19 is connected
to a regulator 20 for controlling a tilting angle of the second
main pump MP2. The regulator 20 controls the discharge
amount of the second main pump MP2 in inverse proportion
to a pilot pressure. Accordingly, the discharge amount of the
second main pump MP2 is kept maximum when the control
valves 12 to 15 are set to the full stroke states so that the flow
in the neutral flow path 16 becomes zero, in other words,
when the pilot pressure generated by the pilot pressure gen-
erating mechanism 18 becomes zero.

A second pressure sensor 21 is connected to the pilot flow
path 19. A pressure signal detected by the second pressure
sensor 21 is input to the first controller C1

The first and second main pumps MP1, MP2 are coaxially
rotated by a drive force of one engine E. The engine E
includes an alternator 22. The alternator 22 is rotated by
excess power of the engine E to generate power. Power gen-
erated by the alternator 22 is charged into a low-voltage
battery 23 or a high-voltage battery 24 via a charging appa-
ratus S. The charging apparatus S is described in detail later.
The low-voltage battery 23 is a 24V battery for a construction
machine and the high-voltage battery 24 is a battery used for
an electric motor MG or the like.

Passages 26, 27 communicating with the rotation motor
RM are connected to an actuator port of the control valve 1
connected to the first circuit system. Brake valves 28, 29 are
respectively connected to the both passages 26, 27. When the
control valve 1 is kept at the shown neutral position, the
actuator port is closed and the rotation motor RM remains
stopped.

If the control valve 1 is switched, for example, to a right
position in FIG. 1 from the above state, one passage 26 is
connected to the first main pump MP1 and the other passage
27 communicates with the tank T. Accordingly, the rotation
motor RM rotates by having pressure fluid supplied from the
passage 26, and return fluid from the rotation motor RM is
returned to the tank T via the passage 27.

If the control valve 1 is switched to a left position, pump-
discharged fluid is supplied to the passage 27, the passage 26
communicates with the tank T, and the rotation motor RM
rotates in a reverse direction.

When the rotation motor RM is driven, the brake valve 28
or 29 functions as a relief valve. When pressures in the pas-
sages 26, 27 increase to set pressures or higher, the brake
valves 28, 29 are opened to introduce fluid at a high-pressure
side to a low-pressure side. If the control valve 1 for the
rotation motor is returned to the neutral position while the
rotation motor RM is being rotated, the actuator port of the
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control valve 1 is closed. Even if the actuator port of the
control valve 1 is closed in this way, the rotation motor RM
continues to rotate due to inertial energy. By rotating due to
inertial energy, the rotation motor RM functions as a pump. In
this case, a closed circuit is formed by the passages 26,27, the
rotation motor RM and the brake valve 28 or 29, and the
inertial energy is converted into thermal energy by the brake
valve 28 or 29.

On the other hand, if the control valve 14 for boom first
speed is switched to a right position in FIG. 1 from the neutral
position, pressure fluid from the second main pump MP2 is
supplied to a piston-side chamber 31 of the boom cylinder BC
via a passage 30. Return fluid from a rod-side chamber 32 is
returned to the tank T via a passage 33, whereby the boom
cylinder BC extends.

On the contrary, if the control valve 14 for boom first speed
is switched to a left position in FIG. 1, pressure fluid from the
second main pump MP2 is supplied to the rod-side chamber
32 of the boom cylinder BC via the passage 33. Return fluid
from the piston-side chamber 31 is returned to the tank T via
the passage 30, whereby the boom cylinder BC contracts. The
control valve 3 for boom second speed is switched in asso-
ciation with the control valve 14 for boom first speed.

A proportional electromagnetic valve 34, the opening of
which is controlled by the first controller C1, is provided in
the passage 30 connecting the piston-side chamber 31 of the
boom cylinder BC and the control valve 14 for boom first
speed. The proportional electromagnetic valve 34 iskept at a
fully open position in a normal state.

Next, a variable-capacity sub-pump SP for assisting out-
puts of the first and second main pumps MP1, MP2 is
described.

The variable-capacity sub-pump SP is rotated by a drive
force of an electric motor MG doubling as a generator. A
variable-capacity assist motor AM is also coaxially rotated by
the drive force of the electric motor MG. An inverter I is
connected to the electric motor MG. The inverter I is con-
nected to the first controller C1 and the rotation speed of the
electric motor MG and the like can be controlled by the first
controller C1.

Titling angles of the sub-pump SP and the assist motor AM
are controlled by tilting angle controllers 35, 36. The tilting
angle controllers 35, 36 are controlled by output signals of the
first controller C1.

A discharge passage 37 is connected to the sub-pump SP.
The discharge passage 37 is branched off to a first joint
passage 38 which joins at a discharge side of the first main
pump MP1 and a second joint passage 39 which joins at a
discharge side of the second main pump MP2. First and
second proportional electromagnetic throttle valves 40, 41,
the openings of which are controlled by output signals of the
first controller C1, are provided in the respective first and
second joint passages 38, 39.

A connection passage 42 is connected to the assist motor
AM. The connection passage 42 is connected to the passages
26, 27 connected to the rotation motor RM via the joint
passage 43 and check valves 44, 45. An electromagnetic
switching valve 46, the opening and closing of which are
controlled by the first controller C1, is provided in the joint
passage 43. A pressure sensor 47 for detecting a pressure at
the time of rotating the rotation motor RM or a pressure at the
time of braking is provided between the electromagnetic
switching valve 46 and the check valves 44, 45. A pressure
signal of the pressure sensor 47 is input to the first controller
C1.

In the joint passage 43, a safety valve 48 is provided at a
position downstream of the electromagnetic switching valve
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46 with respect to a flow from the rotation motor RM to the
connection passage 42. The safety valve 48 prevents runaway
of'the rotation motor RM by maintaining the pressures in the
passages 26, 27 when a system including the connection
passages 42, 43 such as the electromagnetic switching valve
46 fails.

Further, a passage 49 communicating with the connection
passage 42 is provided between the boom cylinder BC and the
proportional electromagnetic valve 34. An electromagnetic
on-off valve 50 controlled by the first controller C1 is pro-
vided in the passage 49.

As shown in FIG. 2, the charging apparatus S includes a
diode 51 for allowing only the flow of a current from the
alternator 22 to the low-voltage battery 23 when the alternator
22 and the low-voltage battery 23 are connected.

A switch 52 is provided in parallel with the diode 51 with
respect to the alternator 22. The switch 52 is connected to the
high-voltage battery 24 via a high-voltage conversion circuit
53 for converting a low voltage into a high voltage. The
high-voltage conversion circuit 53 may serve the function of
the switch 52.

A second controller C2 is connected to each of the low-
voltage battery 23 and the switch 52. The second controller
C2 is also connected to the first controller C1. The first con-
troller C1 is also connected to the high-voltage battery 24 and
has a function of checking a charge capacity of the high-
voltage battery 24.

The second controller C2 has a function of checking
whether or not the voltage of the low-voltage battery 23 is
above a threshold, and controls the opening and closing of the
switch 52.

The first controller C1 checks a charged state of the high-
voltage battery 24 and the like, and outputs a charge permis-
sion signal for the high-voltage battery 24 to the second
controller C2 ifthe high-voltage battery 24 is in a usable state.

The second controller C2 closes the switch 52 when the
low-voltage battery 23 is above the threshold, the charge
permission signal is input from the first controller C1 and the
charged amount of the high-voltage battery 24 is below a
reference value, and boosts the power of the alternator 22 via
the high-voltage conversion circuit 53 to charge the high-
voltage battery 24.

In the first embodiment, the charging apparatus S is formed
into a module so as to be incorporated into an existing appa-
ratus, i.e. the one including the alternator 22, the low-voltage
battery 23, the high-voltage battery 24 and the first controller
C1. Thus, the second controller C2 is provided in addition to
the first controller C1. Accordingly, in the case of incorporat-
ing the charging apparatus into a construction machine from
the beginning, one controller may be provided by causing the
first controller C1 to have the functions of the second control-
ler C2.

Functions of this embodiment are described below. In this
embodiment, an assist flow rate of the sub-pump SP is set
beforehand and the first controller C1 judges how the tilting
angle of the sub-pump SP, that of the assist motor AM, the
rotation speed of the electric motor MG and the like can be
most efficiently controlled and controls the respective parts.

If'the control valves 1 to 5 of the first circuit system are kept
at the neutral positions, all the fluid discharged from the first
main pump MP1 is introduced to the tank T via the neutral
flow path 6 and the pilot pressure generating mechanism 8. If
all the fluid discharged from the first main pump MP1 flows
through the pilot pressure generating mechanism 8, a pilot
pressure generated thereby becomes higher and a relatively
high pilot pressure is also introduced to the pilot flow path 9.
The regulator 10 operates by the action of the high pilot
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6

pressure introduced to the pilot flow path 9 to keep the dis-
charge amount of the first main pump MP1 minimum. A
pressure signal indicating the high pilot pressure at this time
is input to the first controller C1 from the first pressure sensor
11.

Also when the control valves 12 to 15 of the second circuit
system are kept at the neutral positions, the pilot pressure
generating mechanism 18 generates a relatively high pilot
pressure as in the first circuit system and this high pressure
acts on the regulator 20 to keep the discharge amount of the
second main pump MP2 minimum. A pressure signal indi-
cating the high pilot pressure at this time is input to the first
controller C1 from the second pressure sensor 21.

When pressure signals indicating relatively high pressures
are input from the first and second pressure sensors 11, 21 to
the first controller C1, the first controller C1 judges that the
first and second main pumps MP1, MP2 maintain minimum
discharge amounts and controls the tilting angle controllers
35, 36 to zero or minimize the tilting angles of the sub-pump
SP and the assist motor AM.

When receiving signals indicating that the discharge
amounts of the first and second main pumps MP1, MP2 are
minimum, the first controller C1 may stop the rotation of the
electric motor MG or may keep it rotate.

In the case of stopping the rotation of the electric motor
MG, there is an effect of saving power consumption. In the
case of keeping the electric motor MG rotate, the sub-pump
SP and the assist motor AM also keep rotating. Thus, there is
an effect of reducing a shock at the time of starting the
sub-pump SP and the assist motor AM. In any case, whether
to stop the electric motor MG or to keep it rotating may be
determined according to the intended purpose and usage of
the construction machine.

If any one of the control valves of the first and second
circuit systems is switched in the above state, the flow rate in
the neutral flow path 6 or 16 decreases according to the
operated amount and the pilot pressure generated in the pilot
pressure generating mechanism 8 or 18 accordingly
decreases. If the pilot pressure decreases, the tilting angle of
the first or second main pump MP1 or MP2 accordingly
increases to increase the discharge amount.

Inthe case of increasing the discharge amount of the first or
second main pump MP1 or MP2, the first controller C1 keeps
the electric motor MG in a constantly rotating state. That is, if
the electric motor MG stops when the discharge amounts of
the first and second main pumps MP1, MP2 are minimum, the
first controller C1 detects a decrease in the pilot pressure and
restarts the electric motor MG.

The first controller C1 controls the openings of the first and
second proportional electromagnetic throttle valves 40, 41 in
accordance with pressure signals of the first and second pres-
sure sensors 11, 21, whereby the discharge amount of the
sub-pump SP is proportionally distributed and supplied to the
first and second circuit systems.

According to this embodiment, the number of the pressure
sensors can be reduced since the first controller C1 can con-
trol the tiling angle of the sub-pump SP and the openings of
the first and second proportional electromagnetic throttle
valves 40, 41 only by the pressure signals of the two first and
second pressure sensors 11, 21.

On the other hand, if the control valve 1 is switched to
either left or right, e.g. to the right position in FIG. 1 to drive
the rotation motor RM connected to the first circuit system,
the one passage 26 communicates with the first main pump
MP1 and the other passage 27 communicates with the tank T
to rotate the rotation motor RM. A rotation pressure at this
time is kept at a set pressure of the brake valve 28. If the
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control valve 1 is switched to left in FIG. 1, the other passage
27 communicates with the first main pump MP1 and the one
passage 26 communicates with the tank T to rotate the rota-
tion motor RM. A rotation pressure at this time is also kept at
a set pressure of the brake valve 29.

If the control valve 1 for the rotation motor is switched to
the neutral position during the rotation of the rotation motor
RM, a closed circuit is formed between the passages 26 and
27 and the brake valve 28 or 29 maintains a brake pressure of
the closed circuit to convert inertial energy into thermal
energy.

The pressure sensor 47 detects the rotation pressure or the
brake pressure and inputs a pressure signal to the first con-
troller C1. The first controller C1 switches the electromag-
netic switching valve 46 from a closed position to an open
position in the case of detecting a pressure which is within
such a range as not to affect the rotation of the rotation motor
RM or a braking operation and lower than the set pressures of
the brake valves 28, 29. If the electromagnetic switching
valve 46 is switched to the open position, pressure fluid intro-
duced to the rotation motor RM flows into the joint passage 43
and is supplied to the assist motor AM via the safety valve 48
and the connection passage 42.

The first controller C1 controls the tilting angle of the assist
motor AM in accordance with a pressure signal from the
pressure sensor 47. This control is as follows.

Unless the pressure in the passage 26 or 27 is kept at a
pressure necessary for the rotating operation or the braking
operation, it becomes impossible to rotate the rotation motor
RM or apply braking.

Accordingly, to keep the pressure in the passage 26 or 27 at
the above rotation pressure or the brake pressure, the first
controller C1 controls a load of the rotation motor RM while
controlling the tilting angle of the assist motor AM. That is,
the first controller C1 controls the tilting angle of the assist
motor AM so that the pressure detected by the pressure sensor
47 becomes substantially equal to the rotation pressure of the
rotation motor RM or the brake pressure.

If the assist motor AM obtains a rotational force, this rota-
tional force acts on the coaxially rotating electric motor MG.
The rotational force of the assist motor AM acts as an assist
force for the electric motor MG. Accordingly, power con-
sumption of the electric motor MG can be reduced by the
rotational force of the assist motor AM.

The rotational force of the sub-pump SP can also be
assisted by the rotational force of the assist motor AM. In this
case, the assist motor AM and the sub-pump SP exhibit a
pressure conversion function together.

That is, the pressure of the fluid flowing into the connection
passage 42 is invariably lower than a pump-discharged pres-
sure. To maintain the sub-pump SP at a high discharge pres-
sure by utilizing this low pressure, a boosting function is
exhibited by the assist motor AM and the sub-pump SP.

That is, an output of the assist motor AM is determined by
a product of a displacement volume Q1 per rotation and a
pressure P1 at that time. An output of the sub-pump SP is
determined by a product of a displacement volume Q2 per
rotation and a discharge pressure P2 at that time.

Since the assist motor AM and the sub-pump SP are coaxi-
ally rotated in this embodiment, Q1xP1=0Q2xP2 has to hold.
Accordingly, if the displacement volume Q1 of the assist
motor AM is set, for example, to be three times as much as the
displacement volume Q2 of the sub-pump SP, i.e. Q1=3Q2,
the above equation is 3Q2xP1=Q2xP2. If the both sides of
this equation is divided by Q2, 3P1=P2 holds.
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Accordingly, the sub-pump SP can be maintained at a
predetermined discharge pressure by the output of the assist
motor AM by changing the tiling angle of the sub-pump SP
and controlling the displacement volume Q2. In other words,
the fluid can be discharged from the sub-pump SP after boost-
ing the fluid pressure from the rotation motor RM.

The tiling angle of the assist motor AM is so controlled as
to keep the pressures in the passages 26, 27 at the rotation
pressure or the brake pressure. Thus, the tilting angle of the
assist motor AM is inevitably determined in the case of uti-
lizing the fluid from the rotation motor RM. To exhibit the
pressure conversion function while determining the tiling
angle of the assist motor AM in this way, the tilting angle of
the sub-pump SP is controlled.

If a pressure in the system including the connection pas-
sages 42, 43 falls below the rotation pressure or the brake
pressure for a certain cause, the first controller C1 closes the
electromagnetic switching valve 46 in accordance with a
pressure signal from the pressure sensor 47 so that the rotation
motor RM is not affected.

If there is a fluid leak in the connection passage 42, the
safety valve 48 functions so that the pressures in the passages
26, 27 do not decrease more than necessary, thereby prevent-
ing runaway of the rotation motor RM.

Next, a case is described where the boom cylinder BC is
controlled by switching the control valve 14 for boom first
speed and the control valve 3 for boom second speed of the
first circuit system in association with the control valve 14.

If the control valve 14 for boom first speed and the control
valve 3 associated therewith are switched to actuate the boom
cylinder BC, the sensor 14a detects an operating direction and
an operated amount of the control valve 14 and an operation
signal thereof is input to the first controller C1.

In accordance with the operation signal of the sensor 14a,
the first controller C1 determines whether an operator is try-
ing to raise or lower the boom cylinder BC. If a signal for
raising the boom cylinder BC is input to the first controller
C1, the first controller C1 keeps the proportional electromag-
netic valve 34 in the normal state, in other words, keeps the
proportional electromagnetic valve 34 at the fully open posi-
tion. At this time, the first controller C1 keeps the electromag-
netic on-off valve 50 at the shown closed position and con-
trols the rotation speed of the electric motor MG and the
tilting angle of the sub-pump SP to ensure a predetermined
discharge amount from the sub-pump SP.

On the other hand, if a signal for lowering the boom cyl-
inder BC is input to the first controller C1 from the sensor 14a,
the first controller C1 calculates a lowering speed of the boom
cylinder BC required by the operator according to the oper-
ated amount of the control valve 14, closes the proportional
electromagnetic valve 34 and switches the electromagnetic
on-off valve 50 to the open position.

If the proportional electromagnetic valve 34 is closed and
the electromagnetic on-off valve 50 is switched to the open
position, all the return fluid of the boom cylinder BC is
supplied to the assist motor AM. If the flow rate consumed by
the assist motor AM is lower than a flow rate necessary to
maintain the lowering speed required by the operator, the
boom cylinder BC cannot maintain the lowering speed
required by the operator. In this case, the first controller C1
controls the opening of the proportional electromagnetic
valve 34 to return a flow rate equal to or higher than that
consumed by the assist motor AM to the tank T based on the
operated amount of the control valve 14, the tilting angle of
the assist motor AM, the rotation speed of the electric motor
MG and the like and maintains the lowering speed of the
boom cylinder BC required by the operator.
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If fluid is supplied to the assist motor AM, the assist motor
AM rotates. The rotational force of the assist motor AM acts
on the coaxially rotating electric motor MG as an assist force
for the electric motor MG. Accordingly, power consumption
can be reduced by the rotational force of the assist motor AM.

On the other hand, itis also possible to rotate the sub-pump
SP only by the rotational force of the assist motor AM without
supplying power to the electric motor MG. In this case, the
assist motor AM and the sub-pump SP exhibit the pressure
conversion function in the same manner as described above.

Next, acaseis described where the rotating operation of the
rotation motor RM and the lowering operation of the boom
cylinder BC are simultaneously performed.

In the case of lowering the boom cylinder BC while rotat-
ing the rotation motor RM, the fluid from the rotation motor
RM and the return fluid from the boom cylinder BC are joined
in the connection passage 42 and supplied to the assist motor
AM.

As the pressure in the connection passage 42 increases, the
pressure in the joint passage 43 also increases. Even if this
pressure becomes higher than the rotation pressure of the
rotation motor RM or the brake pressure, the rotation motor
RM is not affected since the check valves 44, 45 are provided.

If'the pressure in the connection passage 42 becomes lower
than the rotation pressure or the brake pressure, the first
controller C1 closes the electromagnetic switching valve 46
in accordance with a pressure signal from the pressure sensor
47.

Accordingly, in the case of simultaneously performing the
rotating operation of the rotation motor RM and the lowering
operation of the boom cylinder BC, the tilting angle of the
assist motor AM may be determined based on a required
lowering speed of the boom cylinder BC regardless of the
rotation pressure or the brake pressure.

In any case, the output of the sub-pump SP can be assisted
by that of the assist motor AM and the flow rate discharged
from the sub-pump SP can be proportionally distributed by
the first and second proportional electromagnetic throttle
valves 40, 41 and supplied to the first and second circuit
systems.

On the other hand, in the case of using the electric motor
MG as a generator using the assist motor AM as a drive
source, the electric motor MG can exhibit the power genera-
tion function utilizing the output of the assist motor AM if a
substantially no-load state is set by zeroing the tilting angle of
the sub-pump SP and the assist motor AM maintains an output
necessary to rotate the electric motor MG.

In the first embodiment, it is possible to generate power by
the alternator 22 utilizing the output of the engine E and by the
electric motor MG utilizing the assist motor AM. The gener-
ated power is stored in the high-voltage battery 24. Since the
high-voltage battery 24 can be charged utilizing a household
power supply, the power of the electric motor MG can be
obtained in various manners.

The low-voltage battery 23 for supplying power to sole-
noids of the control valves, an electric system for controlling
the solenoids, the first and second controllers C1, C2 and the
like is charged with the power generated by the alternator 22.
At this time, the charging apparatus S functions as follows.

That is, as shown in FIG. 3, the power of the alternator 22
is preferentially charged into the low-voltage battery 23 via
the diode 51 (Step 51).
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The second controller C2 monitors whether or not a voltage
V1 of the low-voltage battery 23 is above a threshold. If the
voltage V1 is equal to or below the threshold, the second
controller C2 keeps the switch 52 off (Steps S2, S3). That is,
the charging apparatus S preferentially charges the low-volt-
age battery 23.

On the other hand, if the voltage V1 of the low-voltage
battery 23 is above the threshold, the second controller C2
determines whether a charge permission signal for the high-
voltage battery 24 is input from the first controller C1 (Step
S4). The first controller C1 constantly monitors the charge
capacity of the high-voltage battery 24 and outputs a charged
voltage signal.

If the charge permission signal is input to the second con-
troller C2, the first controller C1 inputs the charged voltage
signal of the high-voltage battery 24 to the second controller
C2 (Step S5). The second controller determines whether or
not a charged voltage of the high-voltage battery 24 is above
a reference value.

As a result, if the charged voltage of the high-voltage
battery 24 is equal to or above the reference value, the second
controller C2 turns off the switch 52 (Steps S6, S3).

If the charged voltage of the high-voltage battery 24 is
below the reference value, the second controller C2 turns on
the switch 52 (Steps S6, S7) and the power generated by the
alternator 22 is boosted in the high-voltage conversion circuit
53 and charges the high-voltage battery 24.

Accordingly, the second controller C2 turns on the switch
52 to charge the high-voltage battery 24 when conditions that
the voltage V1 of the low-voltage battery 23 is above the
threshold value, the charge permission signal for the high-
voltage battery 24 is input from the first controller C1 and the
charged voltage of the high-voltage battery 24 is below the
reference value are satisfied.

A second embodiment shown in FIG. 4 is constructed such
that a circuit connecting the alternator 22 and the low-voltage
battery 23 and a circuit connecting the alternator 22 and the
high-voltage battery 24 are turned on and off by one switch
mechanism 54 instead of by the diode 51 of the first embodi-
ment. Normally, the alternator 22 is connected to the low-
voltage battery 23.

The switching on and off of the high-voltage battery by the
switch mechanism 54 is controlled by the second controller
C2. Control conditions for this are the same as in the first
embodiment.

The embodiments of the present invention have been
described above. The above embodiments are merely illus-
tration of application examples of the present invention and
not ofthe nature to specifically limit the technical scope of the
present invention to the above embodiments.

The present application claims a priority based on Japanese
Patent Application No. 2010-25810 filed with the Japanese
Patent Office on Feb. 8, 2010, all the contents of which are
hereby incorporated by reference.

INDUSTRIAL APPLICABILITY

This invention is applicable to hybrid construction
machines.

The invention claimed is:

1. A charging apparatus for a construction machine includ-
ing an engine for rotating a pump, a generator to be rotated by
a drive force of the engine, a low-voltage battery for storing
power from the generator, and a high-voltage battery con-
nected in parallel with the low-voltage battery with respect to
the generator and adapted to store power from the generator,
comprising:
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a switching circuit which switches between a first state and 2. The charging apparatus according to claim 1, wherein
a second state, the first state being a state where the the controller:
power from the generator is not supplied to the high- monitors the charge capacity of the low-voltage battery;
voltage battery but is supplied to the low-voltage battery, determines whether or not the charge capacity of the low-
the second state being a state where the power from the 3 voltage battery has reached the threshold;
generator is supplied to the high-voltage battery; determines whether or not a charge capacity of the high-

voltage battery is below a reference value; and
causes the switching circuit to switch by outputting a signal
and charges the high-voltage battery with the power
10 from the generator via the high-voltage conversion cir-
cuit when the charge capacity of the low-voltage battery
is determined to have reached the threshold and the
charge capacity of the high-voltage battery is deter-
mined to be below the reference value.
15 3. The charging apparatus according to claim 1, wherein
the switching circuit includes:

a diode which is provided between the generator and the
low-voltage battery and allows only the flow of a current
from the generator to the low-voltage battery; and

20 a switch provided between an upstream side of the diode
and the high-voltage conversion circuit.

a high-voltage conversion circuit provided between the
switching circuit and the high-voltage battery which
converts a low voltage into a high voltage; and

a controller which determines whether a charge capacity of
the low-voltage battery has reached a threshold, outputs
a signal to the switching circuit to switch to the first state
when the charge capacity of the low-voltage battery is
equal to or below the threshold, for supplying the power
of the generator to the low-voltage battery while not
supplying the power of the generator to the high-voltage
battery, and outputs a signal to the switching circuit to
switch to the second state when the charge capacity of
the low-voltage battery has reached the threshold, for
charging the high-voltage battery, the threshold being a
value of the charge capacity of the low-voltage battery
when the low-voltage battery is fully charged. L



